Absfmcl-Placing shields around a victim signal line is a common way to enhance signal integrity while minimizing delay uncertainty. An analytic model of the peak noise is developed for shielded interconnects based on a pseudo-2x RC model. A design methodology for inserting shields between coupled interconnects to reduce crosstalk noise is presented.
I. INTRODUCTION
As feature sizes are decreased to deep submicrometer dimensions, coupling capacitances can significantly affect circuit performance due to decreased interconnect spacing and increased interconnect thickness. Shielding in high speed digital circuits is an effective and common way to reduce crosstalk noise and signal delay uncertainty. A common method of shielding is placing ground or power lines at the sides of a victim signal line to reduce noise and delay uncertainty. The crosstalk between two coupled interconnects is often neglected when a shield is inserted, significantly underestimating the coupling noise. The crosstalk noise between two shielded interconnects can produce a peak noise of 15% of V d d in a 0.18 pm CMOS technology. An accurate estimate of the peak noise for shielded interconnects is therefore necessary.
In Section 11, an analytic model of the peak noise is developed for shielded interconnects based on a proposed pseudo-2?r RC model with an average error of 4.4% as compared to SPICE. In Section 111, a design methodology for inserting a shield between coupled interconnects to reduce crosstalk noise is presented. Some conclusions are offered in Section N.
ANALYTIC MODEL OF CROSSTALK
An interconnect sbltcture composed of two shielded signal Lines is shown in Fig. 1 . The victim signal line is shielded by a ground or power line from the aggressor signal line.
A proposed pseudo-2r RC model is used to model this interconnect structure, which is different from a standard 2x RC model by shifting the coupling capacitances at the receiver ends to the middle nodes, as shown in Fig. 2 . In a standard 2x RC model, the coupling capacitance at the receiver ends are shorted to ground, significantly underestimating the coupling noise. + Rd3(C3 + c 4 + 3CC2), where c b = C,di + cci and ce = Cgd3 + Cc2. The physical meaning of t,l, t,l, t 2 2 , and t y 2 is t,l RC delay of the shield line, the coupling capacitance C,l times the effective resistance from node Vjm2 to ground. the sum of the Elmore delays of all three nets.
RC delay of the victim line, the coupling capacitance C22 times the effective resistance from node &m3 to ground. Elmore delay of the victim line.
Separation ( p m )
For an aggressor with a ramp input signal with a normalized power supply Vdd and a transition time t,, the coupling noise in the victim line is where U = (1 -et-/fvl) and b = (1 -ef-/fu2).
To determine the peak noise, (6) and (7) are differentiated with respect to t and set equal to zero. The times at which the peak noise occur are The peak noise for a shielded interconnect, therefore, is 413(tpeczh) = maz{~,a(t,,.kl),rS.3(tpcskZ),I/;r3(tr)}.
(11)
The peak noise obtained from (I 1 ) is compared to SPICE, and exhibits an average emor of 4.4%. The coupling noise for shielded interconnect increases with longer lines (see Fig. 3 ), and decreases with increasing shield width (see Fig. 4 ) and the physical separation between the signal line and the shield line. The signal line width, however, has little effect on the coupling noise. to satisfy the coupling noise constraints, a minimum or greater number of ground connections is required.
For a target noise constraint V, . , , the minimum number of ground connections for a shielded interconnect stmcture with where I,, is the maximum length which satisfies 
connections.
The peak noise decreases with increasing number of ground
IV. CONCLUSIONS
An analytic model of the peak noise for coupled RC interconnects with a shield between the lines is proposed in a shield is much greater than by increasing the physical sepa- 
